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FtaW of ihn I. 



occlusion of a vessel 

Baetoaimdotihihwm.twm 



Tha prwm motion reto.es J«n6y to the ocrksion of . ,««t wnhe, . pawn. and mora specifically, 
to an apparatus and method of partia&y or complete!/ occluding a vessel. 
Deserimien ol tha RpfatpH ^ 

Attempt, heretofore hm b Mn mad. to treat occlusion, in tho carotaj arterie, laadino to tha braex 
H0WnK - "* amriM hTO bMn «nr difficult to treat because of the poaMty of dodging pbQue which can 
enter various arterial vessels of the brain and cause permanent brain damaga. Attwnpt, to treat such occasions 
with baltoon a^oplany hm been very Imted becaua. ol such danger In trntmBnu . Jucn „ 

andanereetomy. the carotid artery i, aft end plague i, removed front the meal m the aft area. Such surgical 
procedures have substantial risk associated with them which can lead to morbidity and mortality. 

In other procedures, such as in angioplasty end at the treatment of peripheral arteries end veins, there is 
the Possibility that the guide wee, and catheters used in such procedures during deptoyment of the same may cause 
dialodgemnt of debris or emboli which can flow downstream and cause serious damage. ,„ch as stroke, il they 
oecfcde blood flow in smaler vessels. Thus, in summary, embofeatkm and migration of microti downstream 
to on end organ is a major concern of cardiologists during catheterizations. 

Th.ua is therefore need lor new end improved apparatus and methods which make it possible to treat 
occfcded vessels without endangering the patient. 

Sommarv of the Invwition 

The present invention satisfies the need for a device that occludes a vaasel. in particular. . vessel in e 
patient unde.-gohg therapeutic or other medical treatment. Any one ol a number of different expansmn members 
ere pined to one or more elongate members such as hypotubes to form e device that completely or partially occludes 
a vassal whim a patient. The expansion member may be eeH-espewfag. it may be etpanded by engaging it with 
one of the elongate member,, or it may be heated to cause it to expand. A membrane preferably surrounds the 
expansion mtntoer so that e seel is made between tha membrane and the vessel The perfusion of bbod is allowed 
if the nwmi„-.ne a perforated. Partial occkision may b. obtained without a membrane if . „*,»■ expansion 
rnember b chosen. In oener.1. in on. aspect ol the present inwmtion. there is provided en apparatus »„d 
that can be used whh approved diagnostic and therapeutic devces to reduce the dance of emboli migrating 
downstream. Alternatively, the expansion membo, may anchor en intravascular device within e vessel 

One embodiment of the present invention is e device for occkdmg a vascular segment, ei which the device 
mctodes en expense member and frst end second elongate members. Tha feat elongate member engagas the 
up.nsionm.mber. and the second elongate member surrounds the tint elongate nan*.,, with the expansion member 
expending to occlude the vascular segment when one of the elongate member, o mo.ed longitudinally. The 
expansion member preferably incfcdes a braid, a coi. a ribbon*, structure, a stoned tube, a ptorafty ol ribs or a 
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fifteMtx* mesh. The device toy also include matthal that adjoins the expansion member for creating a partial or 
total stat with the vascular segment. 

In ona particular embodiment the expansion member is in an unexpended state whan it is surrounded by 
the second elongate member, but expands when the first elongate member is pushed through the second elongate 
5 member. In another embodiment, both the first and second elongate members ere secured to the expansion member, 
and the expansion member expands as the first elongate member is retracted. 

Another embodiment of the invention is a method of occluding a segment within e vessel which includes 
the step of inserting first and second elongate members into the vessel te be occluded (in which the first elongate 
member adjoins an expansion member), folowed by the step of varying the position of at least one of the elongate 
10 members so that the expansion member expands until the vessel is completely or partially occluded. In one 
embodiment, the varying step includes retracting one of the elongate members* end in another embodiment the 
varying step comprises pushing one of the elongate members through the other elongate member. In yet another 
method cf occluding a segment within a vessel an expansion member is Inserted within the vessel and the expansion 
member is heated to cause it to expand until the vessel is at least partially occluded. Heating the expansion member 
15 may involve, for example, passing electrical current through it or passing warm solution over or near it. 

Brief Description of the Drawings 
FIG. 1 is a side-eievational view rt section of one ernbodimortt of a catheter apparatus incorporating the 
present invention for treating occluded vesieis. 

FIG. 2 is a side-elevat tonal view in section sirdar to FIG. 1 but showing the apparatus in FIG. 1 with the 
20 expansion member (in this case, e self -expandable seal} deployed. 

FIG. 3 is a side-elevatiortal view ri section of another embodiment of a catheter apparatus incorporating 
the present invention for treating occluded vessels. 

FIG. 4 is a v»w similar to FIG. 3 but showing the expansion member (in this case, a sett-expandable seal) 

deployed. 

25 FIG. 5 is a schematic, longitudinal cross sectional view of an embodiment in which a membrane only 

partially surrounds a braid used as the expansion member. 

FIGS. 6 A and 6B show end views of unperf orated and perforated membranes, respectively. 

FIG. 7 is e schematic, longitudinal cross sectional view of en embodiment in which a braid without a 
rnernbrene is used. 

3D FIG. 8 is a schematic, longitudinal cross sectional view of an embodiment in which a fdter-fike mesh is used 

as the expansion member. 

FIG. 9 is a schematic, longitudinal cross sectional viBW of an embodiment in which e slotted tube is used 
as the expansion member. 

FIG. 10 is a perspective view of the slotted tube used in the embodiment of FIG. 9. 
35 FIG. 1 1 is a schematic, longitudinal cross sectional view of an embedment in which e coil is used as the 

expansion member, and the proximal end of a membrane surrounding the coi adjoins the coiL 
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FIE. 12 a a schematic, longitudinal cos, neural view of an embodtnent n which a coi n uaed as the 
.xpanaon member, and the prosanal and ., , mertran. surrounding ,ha cod adjaau a sheath that surround, bath 
first and second along si 1 mentors. 

FIG. 12A is an embodiment sandar to that shown in fl6. 12. ai which resistive heeting is used to expand 
the .spansion nwnber. with current baing eonductad through wira, brng attach* to eithar sida of .he axpansion 
member The expansion mernfaar as shown is partialy duplexed. 

FIG. 12B is an embodiment sinter 10 that shown in FIG. 12A, at which rasisthra heating i, UMd to aapand 
the axpansion member, with current baing contacted through a woe being attached to the distal end of the expansion 
member and through a coating on th. first elongate member. Tha axpansion member „ shown is partially deployed. 

FIG. 13 is a schematic, side cross sectional view of an embodiment in which a plurality of ribbons are used 
as tiit expansion member. 

FIG. 13A is an embodiment similar to that shown in FIG. 13. r which a warm solution passes between 
the first end second elongate members to trans,,, haa, to the expansion member, causing i, ,0 expand. The 
expansion member as shown is partially deployed. 

FIG. 13B is an ambodment similar to that shown in FIG. 13A. in which . warm solution passes through 
the first elongete member to transfer heat to the expansion member, causing it ,0 expand. The „pan,ion member 
as shown is partially deployed. 

FIG. 13C is an embodiment similar to that shown in FIGS. 13A and 13B, in which a warm sokition passes 
through on. or more lumen, in the fir,, elongate member to transfer heat to the ..pension member, causing it to 
expend. The expansion member as shown is partially deployed. 

FIG. 14 is a schematic, side cross sectional view of an embodiment in which a plurality of rfas are used 
as the eipansmn member. 

FIG. 15 is an isemetne wow ol an embodiment of the invention in which a pull wire is used to deploy a 
plurality of non-self-expanding ribbons surrounded by a membrane. 

FIG. IS is . sid. partial sectional view of the embodiment of FIG. 15 in which the ribbons are in their 
relaxed, vndeployed position. 

FIG. 17 i, a side elevations! view .f the embodiment of FIG.' 15 in which the ribbons are deployed, end the 
membr.nn makes a seal with the vessel. 

FIGS. 18A and 18B show longitudinal and end perspective views, respectively, ol . locking mechanism used 
with a wire that deploys an expansion member. 

FIG. 19 is a perspective view of an alternative locking mecharasm used with a wire that deploys an 
expansion member. 

FIGS. 20A. 20B. 20C. and 200 show, actively, a braid, a fSter lka muh. a slotted tube, end . phuefty 
of cods, which can be used as alternative expansion members in place of the ribbons in the embodiment of FIG. 15. 
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Detailed Dean anion of the Preferred Embodiments 
The npansioii members discussed her tin include braids, coils, ribs; ribbofhftkt structures, slotted tubes, end 
filer-like meshes. These expansion members may be partraly covered er completely surrounded by a membrane or 
other covering to provide occlusion or sealing of the vessel. As used herein, s oakision w or "sealing", and the Ike. 
5 mean partial er complete blockage of fluid flow in a vascular segment, as it is sometimes preferable to allow 
perfusion. Moreover, such expansion members may be deployed by various mechanical means, electrical means or 
thermomechanical means, etu as described herein. Expansion members that are deployed mechanically are preferably 
"spring-ike" in nature. La. they are preferably resilient to facilitate their deployment or retraction. 
Catheter Apparatuses and Self-Expanding Braids 

10 One embodiment of a catheter apparatus incorporating the present invention for treating occluded vessels 

is shown in Figures 1 and 2. As shown therein, the cetheter apparatus 651 consists of a flexible elongate member 
652 whxh is provided with proximal and distal enrernities 653 and 654. A conventional adapter 656 is mounted 
on the proximal extremity and is provided with a Touhy Borst fitting 657 which is in comrnunication with a large 
centra) lumen 658 extending from the proximal extremity 653 to the distal extremity 654. An aspiration fitting 661 

15 is provided on the adapter 656 as welt as an irrigation fitting 662. both of which ere in comrnunication with the 
central lumen 658. However, it should be appreciated that if desired, separate lumens can be provided in the flexible 
elongate member 652 for both of the fittings 661 and 662. 

Self-expanding sealing mechanism 666 is mounted on the distal extremity 654. ThiTseH-eipanding seeing 
rnechanum 666 can take any suitable form. For example, as shown it can consist of a braided structure 667 formed 

20 of e surcable shape memory material such as a nickel titanium alby that w3 attempt to expand to a predetermined 
shape mumory. Other than shape memory materials, other materials such as stainless steel Elgiloy™, titanium or 
other materials can be utilized in the braid 667 as long as they have the capability of expending when the self- 
expanding seal mechanism is released. Also it should be appreciated that the self-expanding seat mechanism 666 
can be comprised of an absorbent material which when it absorbs seine or Wood expands to form a seaL Such 

25 seals can be readily accomplished because it is onfy necessary to form a seal of approximately 1.5 psi to prevent 
small particles from movrng downstream. 

In order to prevent abrasion of a vessel, it is desirable to cover the braided structure 667 with e covering 
668 ol a suitable material such as a polymer or a biocompatible coating which extends over the braided structure 
867 and which moves with the braided structure 667 as it expands and contracts. The polymer can be of e suitable 

30 material such as sienna. C flex, polyethylene or PET which would form e good sealing engagement with the wall 
of the anery. The covering 668 may be perforated to allow perfusion 

A mechanism is provided for compressing the self-expanding seeing mechanism 666 so that the apparatus 
can be interted into the vessel 481 and consists of an elongate sleeve 771 having proximal and distal extremities 
772 and 773 and a bore 774 extending from the proximal amenity 772 to the distal extremity 773. A collar 778 

35 is mounted on the proximal extremity 772 of the sleeve 771 and a positioned near the adapter 656. The collar 776 
serves zi a mechanism for retracting the sleeve as shown in Figure 2 to uncover the self-expanding sealing 
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mechaoem 666 .he, th. catheter hu been dBplwd lopW7Tltthe „,,.. xpaDdnB m ^ 

•nd fern. a seel whh the arterial mill idjnnt tha stenosis to be treated. 

Another embodiment of , catheter mKna t „ ^ 0tt!uBed V8Meb NCorpcra1inB tha pfMMt 
»«n,,.n » shown in RBurea 3 and 4. As shown thereat, the apparatus 781 «««sts of a guidatg catheter 782 
bavmg pmana. a*. d«ta> .street* 783 end 784. As shown, the distal aatramhy 784 is provided w«h , pre- 
formed bend of . conventional type. A conwntional attache™. 786 i, mounted on th. prexral , nrMltv 783 
Seff-eapandmg mechanom 79. i, mounted on tbo distal ext^vty 784 and i, of the type herambefore de»*d 
m connection with the embodiment, shown in Figures 1 and Z A slem 796 sWbr ,0 the stem 771 of the 
prem* embodinen, « provided in th. pr«en, embodenem for encasing the se^apandinp „„ mechanum 791 and 
for reJeeung the same after it has been disposed in an appropriate position within a ves„. adjecent the ocd»si.n 
to be treated. Thus. , sleeve 796 is provided having proximal and distal astramities 797 and 798 and having . bora 
799 wending from th. prosima. eatremity ,. , he distal eatramity which is sited ,0 that it can receiva the guide 
catheter 782. It is provided with a coy.r 801 on its proaeual eatremhy which i, edapt.d ,0 be disposed outside 
the patient and which is adapted to be grasped by the physician for pullmp the sleeve 796 proiimally to uncover 
th. .expanding sea. 791 after th. apparatua ha, been deployed to pent,, the sel.«pan»,n of the sealing 
mechanism 791 to form a seal with the vessel waO as shown h Figure 4. 

m accordance with the hereinbefore described description,, it i, epp,™, that the apparatus can be readily 
deployed and serve the »me function as th. main catheter. To accomplish this, tha assort* 781 can be introduced 
into the fanoral artery end the distal eitremity advanced into the deseed location h the arterial vessel After it 
ha. been prop** positioned, th. physician can retrac, the sie.v. 796 to permit the seH-eapandrng seal mechaoism 
791 to etpand and to form . seal with th. wall of th. an.,ial vessel to occbde the arterial vessel and interrupt 
the flow of blood in the vessel to provide . working apae. distal of the occlusion formed. This prevents smel 
particles which may there.fter be dodged tr.m rnovrg downstream. Setce . central kmen is .nibble, th. 
ttmapeutK procedures hereinbefore described can be employed with tha catheter apparatu, shown in F*res 1 2 
3 end 4. 

Although th9 ttlRnQ 666 m) tm ^ ^ ^ ^ ^ 

(796) as previous described, th. .eabng machemsm cen else be deployed by pushing the ftoxW. elongate member 
652 (guiding catheter 7821 through ,h. sleeve ,0 that the seal* mechanic can expand. Thi, may be the preferred 
way of deploying th. ^ mdunm 666 ,791). if there is itti. clearance b.tw»n the epp.ratus 651 (781) and 
the ,e«ei within which the epparatus r.rides. to reduce the risk of damage* th. p.tienf, ve«l. As discussed 
Wow m connection whh subsequent figures, the seeing mechanic 666 (791) may alt.mat«efy comprise members 
such es . col . „bbon*e mi . , llotted tubt> m , Ma ^ ,„ ath ^ ua&Rg 

eapand, in partially or completely oedude th. ,.,„. i„ , MItjon . „ ah.rnativel,. to enchor an intravascular device 
to the vessel. 
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Another embodiment using i braided structuri o shown xchematicaty in FIB. 5, in which a f leiible elongate 
inembar 20 is diiposid within a second elongate member 24 such as a hypetube. A self expand^ mechanism 26 
such as a braidad stmctura s sacorad to the distal and af ths elongate member 20, pref erabfty within an indentation 
5 32 of member 20. The braided structure 2B h enh/ partially encapsulated by a preferably elastomer* membrane 
36 that makes a seal with the patient's vessel 40. (Alternatively, a coataig such as a polymeric coating may be 
used in place of the membranes disclosed herein.) In this and the other embodiments, adhesive may be used to 
secure the self-expanding mechanism 28 and the membrane 36 to the elongate member 20. In the embodiment of 
FIG. 5. the braided structure 26 and membrane 36 are designed to be asymmetrical, with mora material being 
10 concentrated at the proximat side of the structure 28. The braids of the embodiments disclosed herein may be 
stainless steel 304 or 400, supareiestic or heat activated Nronel an iron base shape memory aUoy. or a polymer 
base, such as polyethylene or polypropylene. They may be constructed, for example, by using standard equipment 
such as e braider. 

Although the embodiment of F16. 5 shows the f laxfcte elongate member 20 connected to a guidewue tip 
15 44, other technologies for guiding the device through the patient's vessel 40 may be used in this and the other 
embodrnmts, such as a guidewire (either over the wire or single operator! or the exchange catheter method, as is 
wel known in the art. Also, although not expferUy shown in the embodiment of FIG. 5 and the other embodiments 
herein, tiiese embodimBnu may include lumens, aspiration and rogation fittings, and collars Eke those ikjstrated in 
FIGS. U. 

20 The membrane 36 is preferably impervious to the flow of blood (FIG. 6a) for those applications not requiring 

perfusion, although a perforated membrane 35* (FIB. 6b) having numerous holes 37 therein may be used in other 
applications to allow the passage of blood. The holes 37 are preferably greater than 10 microns in diameter and 
may be up to 80 microns or more in diameter to permit the passage of blood cells (nominally 6-10 microns in 
diameter) through the membrane 36' while blocking larger particulates such as emboli likewise, a perforated 

25 membranii 36' may be used in the other embodenents disclosed herein. Antithrombogenrc coatings can be used (ej., 
heparin} to prevent thrombosis formation. 

R6. 7 ihows an embodiment in which a braided structure 50 is not enclosed by a membrane. When the 
braided structure 50 comprises, for example, e diamond mesh pattern in which adjacent wires are separated by about 
10-80 microns, the braided structure permits the passage of red blood celts, while blocking the flow of matter that 

30 may be undesirable, e.g„ emboli or other particulates that may be formed or dislodged during medical procedures. 
Thus, this embodiment is well suited for applications for which perfusion b required. 

Alternative self -expanding media are shown in FIGS. 8 and 9. In FIGS. 8 and 9, a serfexpandng filter-ike 
mesh 60 and a saH-axpanding slotted tube 7Z respectively, ere surrounded by a membrane 62 that is preferably 
elaatomeric. The filter-like mesh 60 (or slotted tube 72) and membrane 62 are bonded or otherwise secured to a 

35 flexible ektngate member 64, e.g„ to an indentation therein. As with the other serf -expanding media disclosed herein, 
the filter-like mesh 60 lor slotted tube 72) expands from its unexpended state when the flexible elongate member 



84 b pushed through a second along.,, mmber 66. or ,h H „, we )y. when the second akmgat. nwmber 66 i, 
reacted over th. fir,, rton^te member 64. The tt,er*e m«h 60 (or srotted ft*. 72) tta, expand, so ,he, the 
n-ntoene 62 forms , sea. with the surround* mad 68. A guidewu. * 70 .id, m priding the devrce through 
the wsei 68. The «*,..*. mesh 60 end «o«.d tub. 72 er. ,f . «ntable shap. ^ rat8nal ^ aj Njtjno| 
or (304 or 400) staintas stuL The fifter-Bca mesh 60 is fibrous in nature, beeig somewhat analogous to steel wool 
Th. dotted tub, 72 he, . tattle ,pp.„ MC8 . The ltottad tBb . 72 TOy ^ ^ ^ 

raW, , ,hh>w.led tuhew rtha | M(tfbMfnt0 fofm tob , „ fc „ fc ^ ^ ^ $$ ^ 
quadrJaterals. An unexpandad. Uotted tube 74 b shown in FI6. 10. 

FIG. 1 1 Uustratas .note .mbodknem. in whk* a coB 80 aave, as the stf-wp^, TOchantm ^ 
e.B 83 mar be int.gr.Hv formed with . f,« efongate menter 82 or be otlmwae sp.ci.oy jM to ft e g by 
weld., or br«ing the cod to the long*. 82. Th. cod 80 i, surroundd b r . m«*r.ne 84 that expand, 
w«h the cofl when ft is pushed out of . ^ Ungate member 86. or .Jtemativeiy. wh.n the secend elongate 
«n*er 86 is retmcted from the coil 80. Thus, the m+nm forms . ,u. with the surrounding vassal 90 The 
"-mbrw. 84 may be attached direct), to the first etonget. m«nber 82. or to , nwmb w 88 such a, , disk that is 
. turn uired to the coB 80 or the firs, etong.,. „»„*., 82 . A |jp „ fef ^ fc ^ ^ 

the vessel 90 may be attached to th. f,« ebngate member 82 or to th. member 88. if on. is used. 

An embodiment simBer to that shown in FIG. 1 1 is Bbstrated r, RG. 12. a, which th. membrane 84 is 
-cured „ th. pr.xuna. end to . separate sheath 94. fn this casa, the ahuth 84 and the firs, elongate member 
82 ere extended together over and through, respectively, th. second .long.,, member 86. AasemWy may require 
preloading the coil 80 through the distal end of the second elongate member 86. 

Another embodenent that employ, a self-expanding medium h shown in FI6. 13. in which a plurality of 
ribbon, 100 max. contact with . munb™. ,02 whBe they expand ,o urgo the membrane towards th. wall of the 
ve». ,04 where n make, . seal. The ribbon, ,00 of tbi, embodiment „. preferably MC ur.d ,o . firs, elongate 
"«mb.r 106 at both end, of ,h. ribbons, by. for example, gluing tn«n in pface. Th. ribon, may be 0.0014) 004' 
x 0.005.0.020- x 0^5-1.0- strip, of Niiinol. stainless steel or E^oy" which .xpand whm, u^d oul of th. «ond 
elongate m^nbe, ,08. A guidewe. tip ,10 may be used fo, guiding the device through tee vessel a* is pr.f.r*fy 
wcured to th. distal end of the first elongate member 106. 

FIG. 14 ifcstrate, ,„ im „ „, lhe one * Fl6 , 3 „ ^ ^ J2Q ^ ^ ^ ^ ^ 

,erie, of ,emibraira, arc, when th« expand. Th. ribs ,20 are surged by . rmmbran, 122 tba, axp.nd, wfm 
•h. rib, to form a sea. whh the vessel ,24. The number of rfca 120 i, pmfevabfy a, te .„ th«. The rib, 120 ere 
prcfera* attached directly to , fir,, elongat. member 124 that i, sunou,^ * , Jecoiwl ^ ^ m 
Th. rib, ,20 thmtehre, .re preferably mad. of . ,hape memory ma, W i,| sucft „ Nitino , cr Jtainlett , twL A 
guidewire tip 128 aids in guiding the device through the vassal 130. 

As in the other ,.H -expendoig embodiment,, the self-expandin, nanism 100 (120) is in an unexpended 
state when enclosed by the second elongate member 108 (126). and expand, when pushed Med beyond t* 
second elongate member 108 (126). 
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•o» 

Nofurit-ciramtiro embodiments 

1 Heat aaaaitj omhedimemt 

FIBS. 12A md 12B Bustratt how electrical moans can be used to oenerate heat to expand en expansion 
member. A first elongate member 82' (and e coil B0 / which adjoins h, coil 80' and member 82' being similar to their 
5 unprimed counterparts) is preferably made of beat activated Nranol an iron base shape memory alloy, or another 
materia! that expands when exposed to heat. As shown in FIG. 12A. low profile, tow resistivity electrical line* 81 
end 63 preferably pass either through or along the second elongate member 86 end are attached |e.g.. soldered) to 
the first elongate member 82' on either side of the coif 80*. When current is applied through the electrical fines 81 
and 83 (the power supply is not shown but is preferably outside the patient!, the col 80' heets up through resistive 

10 heating, and the coil expands to urge the membrane 84 to contact the vessel wafi 90. Alternatively, as shown n 
FIG. 128, the first elongate member 8? may have a coating 85 of gold or saver, in this embodiment, the coated 
elongate member 82' is used to pass current (with most of the current preferably being carried by the coating 85, 
so that most of the energy is deposited in the coil 801, with the circuit being completed with a low resistivity wre 
87 that is preferably connected leg. soldered) to either the second elongate member 86 or the sheath 94. This 

15 principle of resistive heating to expand a expansion member can be applied to the other embodiments disclosed herein 
as well. 

FIGS. 13A. 13B. end 13C illustrate how heat transfer using a equid can deploy en expansion member. The 
ribbons 1 00' are preferably made of heat activated Nmnol, an iron base shape memory aIoy,7r another materiel that 
expands when exposed to heat In the embodiment of FIG. 13A, e worm saline solution 107 is passed between the 

20 first end second elongate members 106 and 108 and then over the membrane 102, so that heat is transferred to 
the ribbons 100'. As the rfobons 100' heat up, they expand, thereby urging the membrane 102 against the vessel 
wait 104. As ikistrated in FIG. 13B, the worm saline solution 107 may also be passed through the first elongate 
member 106 and then through holes 109 in member 106 so that the saline solution 107 more directly transfers heat 
to the ribbons 100'. In this embodiment, one or more holes 1 1 1 in the membrane 102 (distal to where the seal with 

25 the vessei well 104 is made) may be used to allow the saline solution 107 to flow away beyond the ribbons 10CT 
after heat transfer to the ribbons occurs. As ihistrated in FIG. 130, the seine solution 107 may also be passed 
through one or more closed loop coils or lumens 113 within the first elongate member 106. In this way, the ribbons 
100' and the patient's blood ere not exposed directly to arty sokrtion. Using heat transfer can also be applied to 
the other embodiments disclosed hereex provided the expansion member is suitably constructed. 

30 2s Mechanical deployed embodiments 

Other non-self -expanding sealing mechanisms that can be used for ocduding a vessel are described below. 
In the embodiment of FIGS. 15-17, a first elongate member 140, preferably a pull wre, is (whan the device is 
completely assembled) attached to e brace member 144 that is in turn attached to a first ring member 148. 
Adjoining the first ring member 148 and a second ring member 152 are a plurality of ribbons 156 that extend 

35 between the two ring members. Surrounding the ribbons 156 is a membrane 160 that forms a saal with the 
patient's vessel 162 when the rfcbons are expanded. The membrane 160 is joined to et least one and preferably 
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Mi of the rinQ membw, ,48 end ,52. The ^ ,60 un be joined «o omy one .> .ha ring mwnb er , ,48 
and ,52. for .ample, when the mad™. , n Mttndl ,w enough e, the tongftudina, djren » n l0 !he 
membrane to nuke a flood seal with the rami ,62 when the ribbant ,56 are deployed. 

To assemble th. d.vice. the fr« second nnp member, ,48 and ,52. the ribbon, ,56. end the 
nwmbren. 160 ,r. placed as a unit wound e second elong«. rrwrtw 166. whs* ha, , pa, of oppoairwy facing 
hota, 170 end ,72. The brace nwrtw ,44 is weried throogh the hob, ,70 end ,72 and secured to both the 
pu« -ire ,40 and the fir,, re* mw*w ,48. Forth*, the M ring ^ m j, JKUred „ ^ ^ 
elongate member ,66. This asambfcd configure,™, with the ribbon, ,58 in their bngrtudm.1 orientation, is 
ftmrated in FIG. ,6. As Uustreted h FIG. ,7. when the pull wire ,40 is retracted, the ribbons ,56 Uhown in 
Phantom) and the membrane ,60 that .around* them are urged towards the ms.11 62. where the mwnbrene mekes 
a -a. with the vessel The ribbon, ,80 ere preferably n*m Mough ,. thet they ^ to their tongftudina. 
onemanon when the pull wire 140 is reteaad. Th, ela,,icfty and r«ii.nc. of ,h. pud wr. 140 else he*s the 
ritoms 156 return to their undepleyed configured A guMewir. tip ,7, may be used to assist in griding the 
device to the desired location in the vessel 162. 

A preferred way of retracing the pud wire ,40 is shewn in RGS. ,8A end ,8B. FIG. ,8A shows the pull 
wire ,40. which is attached to th. braca member 144. A mutable handle ,80 is attached to e tacking member 
184 which in h,m is fastened to th. pud wee ,40. When th. lockeio member ,84 clews the second elongate 
mwnbe- 166 within which it r«idea (which is preferably outside the pa.ient), th. tacking member end rotatable 
handle 180 may be oriented es Otustrat.d h FIG. 18B to ken th. pud wire ,40 taught, thereby prevemmg the 
swung mechanism from returning to its undented position. Th. pull wire ,40 may be mede of stainless or niteiol 
and may have a diameter of 0.0080JM8 inch.,, lo, a catheter having en Oil. of 0-0,4". for example. 

An alternative to the deployment appelates illustrated in FIGS. ,8A and ,8B is shown in FIG. ,9. in which 
a hand., member ,90 is grasped by the efim«n to retract the puR wire ,40. thereby deploying the suing 
mechenism. Once "tended, th. sealing mechenism preferably ha, the tendency ,. return to ft, undeptoywJ position, 
which « the proce,, pulls the pufl wire ,40 beck into the second .long,,, mwnbe, ,66. This can be prevented by 
inaertino a sp.cer mwnber ,94 between ,he handle membw ,90 end th. secand .longate member ,66. After the 
nwdicaJ procdur. i, complete, and occteion of ,h. .^el «, no tangw retired, th. spacer mwnber ,94 con be 
rwnoved ,„d , h , pud we. ,40 .nd the ming mechsmsm returned to their selective undepleyed poshions. Th. 
devce un than be removed horn the patient. 

Although the principle of using a non-self-eipanding mechanism has been Ikistrated in FIGS. ,5 ,7 with 
rosptc, to def ormabte ribbons, other non-self expandrngmechanoms. as ehalreted « FIGS. 20A-20D. can be employed 
« conjunction with the brae, member ,44 end the first and second ring membw, ,48 and ,52. For .sample, 
instead of using ribbons ,56. a noo-seW-espending braided strueure 200 can ba used, in which the braided structure 
200 edjoins firs, end second ring membw, ,48 end 152 etui is covered wfth a membrane ,60 ,o form ,he urn. 204 
»how» ta FIG. 20A. Th. uni, 204 can be used in conjunction with en etangete membw ,66. . br.ee nwmbw ,44. 
e guaiewire tip ,71. a firs, elongate membw ,40 such as a pufl wire, a rotatable handle ,80. and a locking membw 
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184 to form a device analogous to thi ribbon-based device of R£L 15. Alternatively, other mechanisms can be used 
for sacurng tba pull wire 140, such as a handle member 190 and a spacer member 194. 

Other lum-setf-axpanding mechanisms such as a ftter-fike mesh 208, a slotted tube 212. and coils 216 can 
be used to form units 220, 230, and 240 analogous to the braided structure unit 204 es shown in FIGS. 20B, 20C. 

5 and 20O. Units 220, 230. and 240 cin fkewtse be used to construct devices snslogeus to the ribbon-based device 
Ikistrated in R6S. 15-19. Further, if unit 204 is used without a membrane, it may assist in blood perfusion if the 
braided structure 200 is suitably constructed. Alternatively, perforated membranes like membranes 36' of FIG. 6B 
may be used to permit blood perfusion. Although the ribbons 156, the braided structure 200, the ftter-Eke mesh 
208, the slotted tube 212. end the coih 216 must be actively deployed (e.g. with a pull wire 140). they are 

10 nevertheless simiar to their self -expanding counterparts. 

It should be understood that the scope of the present invention is not be fimhed by the lustrations or the 
foregoing description thereof, but rather by the appended claims, and certain variations and modifications of this 
invention wfli suggest themselves to one of ordinary skffl in the art. 
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WHAT IS ClAIMFfl 

1 . A device <or occluding a vascular segment, comprising: 
an e xpansion member; and 

f tat and seeend elongate member,, wherem »d ftat elongate rreenber engage, aid expansion member and 
seid aeeond efc.ng.te m-nb M engages »id first Ungate member. »id ax^ns™ membe, expanding t. at least 
parti.lv ecck.de the vascular segment when ene af said elongate members b moved longmidmaiy. 

2. The device of Claim 1, further comprising a material that adjoins said expansion member for 
creating a seal with the vascular si grant. 

3. The device of Claim 2. wherein seid meterial does not completaly encapsulate said espension 



4. The device of Claim 1, wherein said expansion member b a ttter-fte mesh attached to an 
indentation within seid Test elongate member. 

5. The device of Claen 1. wherein said expansion member is in en unexpended state when it is 
surrounded by said second elongate member. 

6. The device of Claim 5. where* said expansion member expands when said first elongate member 
is pushed through said second elongate member. 

7. The device of Claim 5. wherein said expansion member is self-aipanding. 

8. The device of Claim 7. wherein said self-expanding member comprises a member selected from the 
group consisting of a braid, a coi. a ribbon like structure, a slotted tube, e pbrraity of ribs and a fhar-lle mean. 

9. The dtvrce of Claim 1. wherein said second elongate member b also secured to said expansion 



10. The device of Claim 8. wher.in s>id expansion member expands as sard first elongate member b 

retracted. 

1 1. The device of Claim 9. wherein said expansion member comprises a member selected from the 
group costing of . braid, a pLralhy of eois. a ribbon*, atnictura. a slotted tube, and a titer like mesh. 

1 2. The device ol Clara 9, wherein said expansion member expends as the relative position of said 
. f est end second elongate members changes. 

13. A method ol occluding a segment within a vessel comprising: 

inserting first end second elongate members into the vessel wherein the first elongate member adjovo an 
expansion member; and 

Mtvino the position of at least on. of the elongate members so that the expansion member expands untl 
the vessel b occluded. 

1*. The method of Clam 13. n which said varying step comprises retracting one of the elongate 

members. 

15. The method of Claim 14. in which said retracting one of the elongate members causes the 
expansion member to expend. 
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16. The method of CUim 14, n which the expansion member adjoins both elongate members, and the 
relative position of tht elongate members is varied to expend the expansion member until tho vessel is occluded. 

17. Tht mtthod of Claim 13, in which said varying step composts pushing ont of the alo agate 
members through tht othtr elongate member. 

18. Tht method of Claim 13, further comprising: 
performing a medical procedure ntar tht ocdudtd site and 

retrieving the elongate members and tht expansion member from tht vessd. 

19. A method, comprising: 

inserting an expansion member within the vessefc end 

heating the expansion member to cause it to expand umi the vessel is at least partially occluded. 

20. Tht mtthod of Claim 19, m which the expansion member is comprised of a material selected from 
the group consisting of heat activated Nitinol and an iron base shape memory alloy. 

21. The method of Claim 19, in which said heating the expansion member comprises passing electrical 
current through it. 

22. Tht mtthod of Claim 19, in which said heating the expansion member comprises flowing warm 
solution near the expansion member to heat up the expansion member. 
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